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Abstract. MANET (Mobile Ad Hoc Network) researchers have shown increased interest in 
using mobile robot technology for their testbed platforms. Thus, the main motivation of this 
paper is to review various robot-based MANET testbeds that have been developed in 
previously reported research. Additionally, suggestions to heighten mobility mechanisms by 
using mobile robots to be more practical, easy and inexpensive are also included in this paper, 
as we unveils ToMRobot, a low-cost MANET robot created from an ordinary remote control 
car that is capable of performing a real system MANET testbed with the addition of only a few 
low-cost electronic components. Despite greatly reduced costs, the ToMRobot does not 
sacrifice any of the necessary MANET basic structures and will still be easily customisable 
and upgradeable through the use of open hardware technology like Cubieboard2 and Arduino, 
as its robot controller. This paper will also include guidelines to enable technically limited 
MANET researchers to design and develop the ToMRobot. It is hoped that this paper achieves 
its two pronged objectives namely (i) to facilitate other MANET researchers by providing 
them with a source of reference that eases their decision making for selecting the best and 
most suitable MANET mobile robots for real mobility in their MANET testbeds (ii) to provide 
MANET researchers with a prospect of building their own MANET robots that can be applied 
in their own MANET testbed in the future.  
 
1. Introduction 
The majority of existing research involving MANET evaluations have utilised simulation methods 
primarily. But of late, there has been an increase in awareness that the current practice of utilizing 
network simulators only allows f o r  summarized assumptions in modelling the characteristics of 
a real system. As the researcher needs to observe t h e  effect and influence of the MAC (Media 
Access Control) and t h e  physical layer network with regards to mobility and topology changes 
against the links and communication quality of the MANET, it becomes clear that real mobility in 
MANET testbeds is vital. As such, in terms of accuracy, the data derived from this method 
cannot be similarly obtained by using other methods like network simulation and  emulation. At 
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present, the number of experiments conducted in MANET testbeds are significantly lesser 
compared t o  simulation based MANET experiments [1]. There are various methods of mobility 
implementation that are used in MANET testbeds. These methods can be categorised into two 
main divisions, real mobility and emulated mobility or virtual mobility as it is also known.  
The main distinctive feature of emulated mobility is due to non- physical node mobility.  In 
other words, although real implementation of MANET testbed are performed on the data-link 
layer and above (application layer) but node mobility is not conducted physically. Physical node 
movement and topology changes are carried out through the use of emulation [2]. There are 
several different methods of emulated mobility such as instance migration [3], on/off connection 
[2], RF matrix switch [4] and the use of virtual machine technology and virtual network [5]. 
Emulated mobility has the advantage of being repeatable and having reproducible 
mobility that is almost the same as the network simulator. The mobility mechanism conducted 
is therefore m o r e  manageable and predictable. However, emulated mobility is unable to 
describe the actual MAC layer and physical layer. Hence data obtained through it is less accurate 
than m e t h o d s  t h a t  use real mobility [2]. Among t h e  wireless testbed platforms that use 
emulated mobility methods are the Open-Access Research Testbed for Next-Generation Wireless 
Networks (ORBIT) [3], Ad-hoc Protocol Evaluation (APE) testbed with emulated mobility [6], 
the Carnegie Mellon University Wireless Emulator (CMUWE) [7], Castadiva [8], Mobi-emu [9], 
Emulab [10], MOBNET [11], MobiNet [12], the Resilience Evaluation Framework for Ad Hoc 
Networks (REFRAHN) [13], MeshTest [4] and WISEBED [14].  
Conversely, real mobility in a  MANET testbed experiment is vital i n  o r d e r  to obtain 
accurate and  realistic results, despite the challenging nature of implementing it.  Though if 
done correctly, real mobility implementation is able to provide extremely accurate experimental 
data on the impact of mobility on a  MANET [15]. 
Previous research on MANETs have reported the use of various approaches to provide real 
mobility mechanisms in their MANET testbeds. Some of the methods included the use of cars 
[16], taxis [17], trains [18], bicycles [19], humans [20], and remote control cars [21]. Considering 
that the main motivation of this paper is to review various robot-based MANET testbeds that have 
been developed in previously reported research, other available but non-related mechanism types will 
not be discussed in this paper.  
Since cost and other attendant concerns of acquiring robots to perform real mobility in MANET 
testbed experiments is a major constraint that hinders MANET researchers from using i t  as an 
evaluation tool for MANET testbeds, this paper also serves to propose and develop a low cost 
robot for MANET testbeds, named as ToMRobot that is built with a remote control car and low 
cost electronic components.  
This review paper provides a two prong approach in its objectives. In other words, this review 
paper will allow readers to observe how mobile technology robots have been used to create well-
designed MANET testbeds while at the same time providing readers with alternative solution, that is 
to develop their own MANET robot at a fraction of the cost yet it is still equipped with the basic 
structure to function well and can easily be upgraded whenever necessary.  
This paper is organized as follows. In section 2, background information on former research 
carried out on MANET robot platforms is detailed. Section 3 describes the development of ToMRobot 
and finally, in section 4, the research is summarized and the future goals of this work are out lined. 
 
2. Literature Review 
This section list out and discusses earlier robots that were u se d  in previous MANET–based 
research. Table 1 provides readers with a quick glimpse on the types of robots used in 
MANET-based research.  
It has been identified from literature [22] that most of the MANET testbed platforms have used 
readymade robot platforms such as iRobot Roomba/Create and LEGO Mindstorms. iRobot Roomba 
and Create are one of the most popular robot platforms due to several factors, including the ability to 
carry loads up to 2kg, the presence of basic sensors for mobile robots such as bump sensors, obstacle 
avoidance sensors and wheel encoders, the ease of controllability via iRobot Roomba Open Interface 
(ROI), t h e  large rechargeable li-ion battery (44000 I) capacity, and the self-recharging docking 
station as well as their competitive prices as compared to other platforms. 
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Historically, the use of iRobot Roomba began when it was introduced in 2002 and it became 
among the earliest household robots made available to the public. It functioned as an autonomous 
robotic vacuum cleaner while at the same time it became a popular robot choice for robotics 
researchers and hobbyists that used it to be the main platform for mobile robots.  
iRobot Create on the other hand was introduced in 2007 and i t  w a s  based on the iRobot 
platform due to the popularity of iRobot Roomba amongst robotics researchers and hobbyists. 
iRobot Create was sold at a lower price because it did not have some of the components attached 
to iRobot Roomba such as a  vacuum cleaning component, although the component could be 
added separately [22]. 
 
Table 1. List of Robots Used in MANET Testbeds 
Robot Name Robot Platform References 
Traxxas Stampede RC Car Chassis Proteus [24-26] 
iRobot Roomba 
MiNT-m  
w-ilab.t                                                 
[23]              
[27-29] 
iRobot Roomba/Create Roomba MADNet  [30, 31] 
iRobot Create 
MiNT-2 
iRobotSense 
NITOS 
[24-26]  
[33]              
[52] 
 LEGO Mindstorms 
CONE 
Sensei-UU                                               
[36, 37]              
[1, 34, 35] 
Acroname Garcia 
Mobile Emulab 
Kansei                                                
[38, 39] 
[40, 41] 
e-puck MOTEL [42-44] 
Pioneer 3AT CONET-IT [45-48] 
RC car chassis CONET-IT [45-48] 
Rogue ATV Explorebots [51] 
Lynxmotion 4WD Rove ARUM [49, 50] 
Turtlebot2 IoT-Lab [53] 
Wifibot IoT-Lab [53] 
 
 
iRobot Roomba and Create were usually controlled with a robot controller (usually a 
combination of an embedded PC and microcontroller) through the iRobot Roomba Open Interface 
(ROI) protocol whereby communication was enabled via a serial port on iRobot Roomba/Create 
including MINT-m [23], MINT-2 [24-26], Proteus Roomba [24–26], w-ilab.t [27-29], Roomba 
MADNet [30, 31], SCORPION [32] and iRobotSense [33]. 
Apart from iRobot Roomba and Create, LEGO Mindstorms was another preferred choice as a  
robot platform for mobile robots in the MANET testbeds. Examples of MANET testbeds that used 
the LEGO Mindstorms robot platform are Sensei UU [1, 34, 35] and Cone Testbed [36, 37]. 
The Acroname Garcia robot platform also was a popular choice in several MANET 
testbeds such as the Emulab Mobile (TrueMobile) [38, 39] and Kansei Testbed [40, 41]. 
There have also been reports of other readymade robot platforms that were utilized, such as e-puck 
that was used in the MOTEL testbed [42-44], the Pioneer 3AT robot platform that was used in 
CONET-IT [45-48], the Lynxmotion 4WD rover robot platform used in ARUM [49, 50] and the 
Rogue ATV robot platform used in Explorebot [51]. 
Previous studies revealed that the cost for robots used in said MANET testbeds ranged from 
between USD $3000 to USD $6,000. Understandably, procuring the higher end price range robots 
were a constraint  for many MANET researchers.  Opportunely, the ToMRobot is able to 
fill this research need by providing the same benefits as the existing robots, with the difference being 
that the ToMRobot uses different robotic components. Propitiously, said components are easily 
available, cheaper and easy to install by MANET researchers themselves because the required 
components are common ones used by hobbyists and robot makers for making mobile robots.  
 
3. Development of ToMRobot 
This section discusses the three main parts of the robot’s components used in this study: (i) the 
mechanical component, (ii) the electronic component and (iii) software.   
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3.1. Mechanical Component 
The mechanical component of the robot represents the robot anatomy, where it can be 
compared to a human body. The main element for t h e  mechanical component of t he  robot is 
the robot chassis because it is the main mechanical structure of the robot and acts as a base to 
other mechanical components. 
The mechanical component of this study utilizes a modified remote control car as the 
robot chassis. This is the cheapest solution as the RC car body serves as the robot housing and has a 
DC motor, gear system to increase torque and big wheels for testbed durability. Figure 1 and 
Figure 2  shows the original remote control car chassis before and after modification. 
 
  
 
Figure 1. Original Remote Control Car 
 
Figure 2. Modiﬁed Chassis of the Remote Control Car 
  
3.2. Electronic Component 
The electronic components are elements used as inputs and outputs to the robot. Input 
components such as sensors, cameras, LIDAR and IMU act as the information provider to the 
robot in order to determine the environmental conditions and the location of the robot.  
T h e  e l e c t r o n i c  components used in this study can be divided into two parts namely: 
ToMRobot and ToMDuino. The components used for ToMDuino and ToMRobot will be 
discussed in the  next section. 
3.2.1. ToMduino Electronic Components. Instead of using an Arduino board, a customized 
version of the Arduino board, named ToMDuino (Arduino MANET Testbed), was created for this 
undertaking and can be seen in Figure 3 and Figure 4.  
 
The objectives of developing ToMduino are as follows: 
i. Small. Suitably sized for the testbed robot chassis. 
ii. Cheap. Cheaper t h a n  the o f f i c i a l  Arduino b o a r d  wi th  several required s h i e l d s . In 
most cases, the Arduino shield designs are not optimized for advanced Arduino project 
requirements, including ToMRobot. 
iii. Simplicity. Avoiding the use of a combination of the Arduino board with several shields, which 
would increase the complexity of the setup. 
iv. Compatibility. Some Arduino shields are simply not compatible or cannot be used 
together with other Arduino shields. 
 
The major differences of this customized Arduino version with the official Arduino Uno R3 version 
are as follows: 
i. Built-in dual h-bridge motor controller to control the ToMRobot DC motors. 
ii. Built-in XBee socket for t h e  ToMRobot wireless communication u sing the XBee 
protocol with a 3.3v power source board. 
iii. Specific pin header for sensors, serial connection to cubieboard2 and LCD screen. 
iv. No generic I/O p in  header-like official. 
v. Better 3.3v voltage regulator specifically for XBee. 
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Figure 3. ToMDuino (Actual Implementation) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. ToMDuino (Circuit Design) 
3.2.2. ToMRobot Electronic Components. Table 2 below provide readers with a pictured 
view on the list of component required to build ToMRobot. Once the listed components in 
Table 2 have been assembled, the created robot will be similar to that in Figure 5. Figure 6 serves to 
illustrate how to assemble the ToMRobot. 
 
Table 2. Description of the ToMRobot Components 
Name of Component Descriptions 
Cubieboard2 To represent mobile device 
USB 2.0  hub To provide extra USB port for cubieboard2 
Powerbank To supply electric power for cubieboard2 
Wi-Fi Dongle To provide Wi-Fi connection for MANET environment testbed 
XBee Pro S1 To provide remote communication during testbed 
HD Webcam To provide life HD video  streaming testbed 
GPS Module To provide ToMRobot location during MANET testbed 
Triple Axis Accelerometer Sensor To provide ToMRobot location during MANET testbed 
Ultrasonic Sensor To allow ToMRobot avoiding any possible obstacle during testbed 
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Figure 5. ToMRobot Components for MANET Testbed (Actual Implementation) 
 
 
 
Figure 6. ToMRobot Components for MANET Testbed (Concept Design) 
 
3.3. Software 
The last component of ToMRobot is the software, which acts as the brain or control centre of 
the robot that is based on logic that has been set in advance by t he  robot builder. The software 
component also acts in translating the input received from the input components and using 
that information to make decisions before translating it into output components such as t he  
movement of robot’s wheels, legs, or arms. 
There are three software that have been used in this study; Robotic Operating System (ROS), 
Rvis and Gazebo. ROS was used as a robot operating a n d  m o n i t o r i n g  system. The Rosserial 
protocol was used to allow the ROS to be able to communicate with the ToMRobot via XBee 
wireless communication. Concomitantly, by using Rosserial, it negated the need to develop 
another new ROS driver to control the ToMRobot, which would increase the testbed 
development. Through a combination of the ROS, Rosserial and Gazebo, the coordinator will 
give directions to the  ToMRobot testbed for executing the testbed. Simultaneously, the 
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ToMRobot will return the current status of the ToMRobot, mobile devices (Cubieboard2) and 
testbed data that is captured in real time. 
 
4. Conclusion 
The two prong objectives of this paper has been met, that is (i) to be source of reference for other 
MANET researchers who are considering the choice of the most suitable mobile robots for real 
mobility in their MANET testbeds. (ii) to be source of reference for MANET researchers to build their 
own MANET robots that can be used in their future MANET testbed. 
The approach used to develop ToMRobot has the advantage of using easily obtainable and 
affordable robotic components like a remote control car, which serves as the robot chassis, combined 
with the use of open hardware technology like Cubieboard2 and Arduino as the robot controller. 
These combined factors is what enables this robot to be c on ven ien t l y  developed by anyone who 
is interested to use it in their MANET testbeds. The provided guidelines in this article will aid 
MANET researchers who lack the technical background to build their own robot and ultimately 
increase the number of MANET researchers who choose testbeds as their evaluation tool. 
This article also serves as a preliminary step for the development of future research projects. For 
future work, the ToMRobot will be used to measure energy efficiency in MANET testbeds. Two types 
of MANET testbeds will be designed and set up for the experiment; (i) passive mode and (ii) testbed 
with mobility. The remote car chassis used in this paper will also be changed to a Tamiya tank remote 
car chassis so that it can climb obstacles with ease and traverse crevasses without the wheels getting 
stuck.  
The extension of this article can be referred to our paper entitled “A Technical Review of MANET 
Testbed Using Mobile Robot Technology” [54] and “A Critical Review of MANET Testbed Using 
Mobile Robot Technology” [55].  
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